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of Madhavan and Gopalan (1968).  Similarly, Temcharoen et^ a!l. (1978)
fed male rats an equal mixture of aflatoxin bi and gi along with
diets containing either 5% casein or 20% casein for 33 weeks. They
found 4/47 hepatoma-bearing animals in the low protein group and 7/49
in the higher protein group, which is not in accord with their con-
clusion that "in animals fed a low-protein diet, aflatoxin induced
extensive . . . carcinogenic effects.11 In contrast to the incidence
of hepatomas, the incidence of cystic lesions, cholangiofibrosis,
cirrhosis, and hyperplastic nodules was higher among the animals fed
the low protein diets.  This appears to be in agreement with the ob-
servations of other investigators that the effect of the level of
dietary protein on aflatoxin-induced hepatotoxicity is the opposite of
its effect on aflatoxin-induced carcinogenesis (Madhavan and Gopalan,
1965, 1968).
The effect of dietary protein on the emergence of precancerous
lesions is not clear from these studies. Madhavan and Gopalan (1968)
reported fewer "preneoplastic lesions" in the animals fed the low pro-
tein diet.  But Temcharoen et_ aJU (1978) observed more "hyperplastic
nodules" and other lesions in the low protein groups, suggesting that
their study might have been confounded by the simultaneous appearance
of toxic and carcinogenic lesions. Madhavan and Gopalan (1968)
administered aflatoxin early in their studies and then discontinued
further administration; Temcharoen et^ al. (1978) appeared to have
administered the toxin throughout the study, although this was not
explicitly stated. Part of the confusion about the association of low
protein intake and the hepatocarcinogenicity of aflatoxin results from
the use of the terms hepatotoxicity and hepatocarclnogenesls.  These
effects are different, and have been used without definition in some
reports.  Each of the studies cited above (i.e., Madhavan and Gopalan,
1968; Temcharoen e£ al., 1978; Wells e£ £l., 1976) is singularly
inconclusive, but collectively they support the hypothesis that a high
protein diet enhances aflatoxin-induced hepatocarcinogenesis.
Morris et al. (1948) found that more tumors of a greater variety
appeared in rats treated with N-acetyl-2-aminofluorene (2-AAF) and fed
synthetic diets containing 18% and 24% casein than in similarly treated
animals fed diets containing 12% casein. Engel and Copeland (1952b)
observed that dietary protein did not affect 2-AAF-induced tumors in
rats fed ad libitum with diets containing 9% to 27% casein. There was,
however, a highly significant reduction in the incidence of mammary
tumors in rats fed diets containing 40% to 60% casein. When the 9% and
60% protein diets were pair-fed, i.e., fed to two matched groups, the
incidence of mammary tumors was 80% and 12%, respectively. Ad libitum
feeding of the 60% protein diet, however, overcame some of the inhibi-
tion (77% incidence), indicating inhibition of tumorigenesis by very
high protein diets can be overcome by increasing food intake. Harris
(1947) concluded that protein had no effect on carcinogenesis induced
either by 2-AAF or by aminofluorene (AF), which was applied to the

